Introduction {#sec1-1}
============

The 5-year survival rate for Ewing\'s sarcoma (ES)/ES family of tumors has increased from 20% before the use of systemic therapy in the early 1970s\[[@ref1]\] to around 70% with the current therapy in localized disease.\[[@ref2]\] This improvement in survival is credited to improved surgical techniques, refinements in radiation therapy (RT), and intensified multiagent chemotherapy. In ES as well as in all childhood cancers, late effects are being discovered as survival rates improve and the survivor pool enlarges. Secondary malignant neoplasms (SMNs) have been recognized as a particularly tragic late effect of childhood cancer therapy. RT, anthracyclines, alkylators, and epipodophyllotoxins are all used in modern ES therapy and have been associated with SMN.

The overall incidence of SMN in ES is about 6%--8% in various studies.\[[@ref3]\] In one study, the risk of developing an SMN at 5, 10, and 20 years was 2.1%, 4.4%, and 8%, respectively.\[[@ref4]\]

The most common solid tumor SMN after ES is osteosarcoma (OS), followed by malignant fibrous histiocytoma.\[[@ref5][@ref6][@ref7][@ref8][@ref9]\] OS has been noted to comprise about 50%--60%\[[@ref5][@ref9][@ref10][@ref11]\] of solid tumor SMN although OS has made up a smaller percentage after therapy in more recent eras.\[[@ref12]\]

The most common hematologic SMN in all reports is acute myeloid leukemia (AML)/myelodysplastic syndrome (MDS), which comprises about 60% of cases.\[[@ref3][@ref4][@ref13]\] Other hematologic SMN includes both B-cell and T-cell lineage acute lymphoblastic leukemia (ALL),\[[@ref5][@ref13][@ref14][@ref15]\] Hodgkin\'s lymphoma,\[[@ref4][@ref10]\] non-Hodgkin\'s lymphoma,\[[@ref4][@ref16]\] and multiple myeloma.\[[@ref4]\]

Hematologic SMN occurring after a shorter latency from diagnosis (36 months vs. 98 months for solid tumors) was noted in many of the above reports.

No known hereditary cancer syndromes have ever been associated with ES (although ES occurring as SMN after treatment for heritable RB continues to be described in the literature).\[[@ref17][@ref18][@ref19][@ref20][@ref21][@ref22]\] Furthermore, there have been no reports of development of ALL as a complication of RT.

Although development of therapy-related MDS and AML are well-known occurrences with the use of alkylating agents and epipodophyllotoxins, a secondary ALL is rarely encountered in clinical practice.

We report a case of a young female who developed ALL, while on adjuvant treatment for ES.

Case Report {#sec1-2}
===========

A 15-year-old female presented with pain and swelling in the left knee joint for 1 month duration. There were no other complaints and no significant history was present. There was no family history of any cancer. She had no addictions and her menstrual history was normal.

On examination, it was a 6 cm × 6 cm swelling which was mildly tender without any signs of inflammation. Systemic examination was unremarkable.

Magnetic resonance imaging of the left knee joint showed the lesion in distal metaphysis of left femur with permeative destruction and perilesional edema. A bone scan revealed no other site of increased radiotracer concentration. A normal computed tomography scan of the thorax proved the disease to be nonmetastatic.

Histopathologically, the lesion was shown to be ES which was confirmed by immunohistochemistry.

The patient was started on neoadjuvant chemotherapy-ifosfamide, vincristine, adriamycin, and actinomycin D protocol.\[[@ref23]\] The treatment was complicated by development of generalized tonic--clonic seizures during administration of second cycle. Central nervous system imaging revealed an infarct in left frontal lobe, the etiology of which could not be specified. Subsequently, she was given the third cycle with antiepileptics which was complicated by hemorrhagic cystitis.

The patient was then started on a different vincristine, actinomycin D, cyclophosphamide, and adriamycin (VACA) protocol which is devoid if ifosfamide in view of poor tolerance. One cycle of VACA protocol was given followed by limb salvage surgery (wide local excision and total knee replacement). On histopathological examination of the surgical specimen, there was 30%--35% necrosis and 40%--50% viable tumor. This was followed by curative radiotherapy to tumor site at a dose of 54 Gy in 27 fractions with concurrent administration of weekly vincristine and cyclophosphamide.

The patient was then resumed on VACA protocol as adjuvant chemotherapy. During second cycle of adjuvant chemotherapy, her complete blood count revealed persistent leukocytosis and thrombocytopenia. Manual differential count revealed 77% of immature blast cells on peripheral smear \[[Figure 1](#F1){ref-type="fig"}\]. Bone marrow examination revealed hypercellular marrow with 86% blasts which were morphologically lymphoid \[[Figure 2](#F2){ref-type="fig"}\]. On immunophenotyping, blasts were positive for CD 19 and CD 34 and negative for CD 13 making the final diagnosis to be pre-B-cell-ALL.

![Peripheral smear showing presence of blast cells](IJMPO-38-354-g001){#F1}

![Bone marrow examination showing excess of lymphoblasts](IJMPO-38-354-g002){#F2}

Conventional karyotyping was normal. Bcr-abl chromosome by fluorescence *in situ* hybridization was not detected. Cerebrospinal fluid cytology was negative for malignant cells.

Thus, she developed ALL while on treatment for ES (after a time period of around 1 year of starting the treatment).

Discussion {#sec1-3}
==========

Although cases of secondary ALL with the use of alkylators and epipodophyllotoxins have been reported,\[[@ref5][@ref13][@ref14][@ref15]\] it is much more likely to encounter myeloid leukemia/MDS as second malignancies with the use of these agents. In particular, cyclophosphamide has been linked to monosomy 5 and monosomy 7 associated MDS with a latency of 5 years or more, and etoposide has been linked to 11q23 associated AML with a latency of 2 years or less.\[[@ref24][@ref25][@ref26]\] The hematological SMN after ES has also predominantly been AML/MDS.\[[@ref3][@ref4][@ref13]\]

The above-mentioned patient had not received etoposide anytime during her treatment for ES. She was given ifosfamide at a cumulative dose of 27 g/m^2^ and subsequently cyclophosphamide at a cumulative dose of 8.4 g/m^2^. The cumulative dose of doxorubicin given was 300 mg/m^2^.

The above-mentioned case was remarkable in two aspects. First, development of ALL as compared to myeloid malignancies is a rare event as far as secondary malignancies are concerned. Second, secondary malignancies after alkylating agents typically occur after a latent period of 5--6 years; however, in this particular patient, it developed in just over 1 year from the primary diagnosis.

Conclusion {#sec1-4}
==========

As the survival of patients of ES increases with involvement of multimodality therapy, there remains a small yet significant concern of the unfortunate occurrence of a secondary malignancy in these otherwise cured patients. Thus, the clinician should keep in mind the possibility of the same while following up such patients and even, as seen in the above case, while administering adjuvant therapy.
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